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(57) ABSTRACT

An 1mage processing apparatus, which displays an 1image
corresponding to a synchronizing frequency change-image
signal, which 1s obtained by changing a frequency of a
synchronizing signal of an 1mage signal, and an other 1mage
corresponding to an other image signal on a same display
screen. The apparatus comprises a monitoring device and a
synchronizing control device. The monitoring device moni-
tors temporal relationship between the synchronizing signal
of the synchronizing frequency change-image signal and a
synchronizing signal of the other image signal. The syn-
chronizing control device performs frequency regulation for
the synchronizing frequency change-image signal based on
the monitoring results from the monitoring device so as to
prevent one of the synchronizing frequency change-image
signal and the other image signal from passing the other
thereof on the display screen.

7 Claims, 9 Drawing Sheets
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FIG. 5(a)
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FIG. 6(c)
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APPARATUS AND METHOD FOR
PROCESSING IMAGE, AND AN IMAGE
PROCESSING PROGRAM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus and a
method for processing 1mage, 1n which 1images correspond-
ing to two 1mage signals are synthesized to display the
synthesized 1mage on a single display screen, and especially
to such an apparatus and method 1n which a synchronizing
control of one of the 1mage signals 1s made when carrying
out a displaying step on the display screen, as well as an
image processing program to be used 1n such an apparatus
and method.

2. Description of the Related Art

There has recently been a demand that an 1mage process-
ing apparatus be utilized in various modes. Attention has
therefore been given to a function of displaying images
corresponding to two 1mage signals on a single display
screen. In a certain 1mage processing apparatus having such
a function, the respective 1mage signals are separated for
respective frame data serving as a unit for display control
and stored in a frame memory, and there 1s made a control
of the respective vertical synchronization timings to display
the 1mage corresponding to the two 1mage signals. However,
utilization of the different image signals may shightly fall out
of synchronization as a practical matter.

In view of such a problem, there has been proposed
measures called a “passing processing” to control the dis-
play timing of the two image signals. Application of the
passing processing permits to skip a certain frame of one
image signal corresponding to the frame of the other image
signal or write twice the same frame, when there exists a
deviation in synchronization of the two 1mage signals. This
makes it possible to display the images corresponding to the
two 1mage signals on the single display screen, even when
these 1mage signals are not synchronized with each other in
an accurate manner.

However, when the above-mentioned passing processing,
1s utilized, there may be a large possibility that the skipping
of the frame or the double writing of the same frame
frequently occurs in a state where a deviation exists 1n
synchronization of the two 1mage signals. Such a situation
does not cause any major problems when displaying a static
image, but causes the problems when displaying a dynamic
image. More specifically, the dynamic 1mage may ineptly be
reproduced under the influence of the passing processing,
thus causing a user to feel that something 1s wrong, contrary
to a manufacturer’s intention of displaying the dynamic
image smoothly.

SUMMARY OF THE INVENTION

An object of the present mnvention, which was made to
solve the above-mentioned problems, 1s therefore to provide
an 1mage processing apparatus and method, which permits
to provide high-grade 1images as displayed, without giving a
user an unpleasant feeling, when displaying 1images based on
two 1mage signals on a single display screen, in case where
only a vertical synchronizing timing of one of the two 1image
signals to be processed can be controlled, as well as an
Image processing program to be used 1n such an apparatus
and method.

In the 1mage processing apparatus of the present inven-
tion, a plurality of 1image signals 1s to be processed, and it 1s
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possible to control a frequency of a synchronizing signal of
a synchronizing frequency change-image signal of the
above-mentioned plurality of 1image signals. Temporal rela-
tionship between the controllable synchronizing signal and
the other synchronizing signal 1s monitored and frequency
regulation 1s performed on the basis of the monitoring
results. This makes it possible to display the 1mages on the
same display screen so as to prevent one of the synchroniz-
ing frequency change-image signal and the other image
signal from passing the other thercof. Even when the fre-
quencies of the synchronizing signals are not synchronized
with each other, it 1s therefore possible to match these
frequencies of the synchronizing signals with each other
through an appropriate control, thus providing high-grade
images as displayed on the display screen.

In the present invention, the frequency regulation may be
performed so as to reverse a frequency relationship between
the synchronizing signals. According to such a feature, the
frequency of the synchronizing signal varies in the opposite
direction to the side where the passing of the synchronizing
signal occurs, thus preventing the occurrence of the passing
of the synchronizing signal in a reliable manner.

In the present invention, the frequency regulation may be
performed by increasing or decreasing the number of lines
of the synchronizing frequency change-image signal to
regulate a frequency of a vertical synchronizing signal of the
synchronizing frequency change-image signal. This makes 1t
possible to perform surely the frequency regulation of the
synchronizing signal, without making a complicated control
of time.

In the present 1invention, there may be adopted measures
that a predetermined temporal range for the frequency
regulation of the synchronizing signal 1s set and the syn-
chronizing control device 1s disabled from performing fur-
ther the frequency regulation when a difference 1n period
between the synchronizing signal of the synchronizing fre-
quency change-image signal and the synchronizing signal of
the other 1image signal 1s within the above-mentioned range.
This makes it possible to prevent occurrence of frequent
change in frequency, thus maintaining stably the synchro-
nizing signal.

The 1mage processing method of the present invention
provides the corresponding effects to those of the image
processing apparatus of the present invention.

In the 1mage-processing program of the present invention,
with respect to functions of a computer included in the
Image processing apparatus, a plurality of image signals 1s
to be processed, and 1t 1s possible to control a frequency of
a synchronizing signal of a synchronizing frequency change-
image signal of the above-mentioned plurality of image
signals. Temporal relationship between the controllable syn-
chronizing signal and the other synchronizing signal 1is
monitored and frequency regulation i1s performed on the
basis of the monitoring results. This makes it possible to
display the images on the same display screen so as to
prevent one of the synchronizing frequency change-image
signal and the other image signal from passing the other
thereof. Even when the frequencies of the synchronizing
signals are not synchronized with each other, 1t 1s therefore
possible to match these frequencies of the synchronizing
signals with each other through an appropriate control, thus
providing high-grade 1mages as displayed on the display
screen.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating essential elements of
an 1mage processing apparatus of the embodiment of the
present mvention;

FIG. 2 1s a flowchart showing a flow of a synchronizing
control processing of the embodiment of the present inven-
tion;

FIG. 3 1s a waveform graph illustrating a navigation-
synchronizing signal and a TV synchronizing signal in
comparison with each other;

FIG. 4(a) 1s a waveform graph illustrating an example in
which judgment 1n Step S6 as shown 1n FIG. 2 reveals
“YES” and the passing of a signal occurs, and FIG. 4(b) is
a waveform graph illustrating an example 1 which judg-
ment 1 Step S6 reveals “YES” and the passing of the signal
does not occur;

FIG. 5(a) 1s a waveform graph illustrating an example in
which judgment 1n Step S6 as shown 1n FIG. 2 reveals “NO”
and the passing of the signal occurs, and FIG. 5(b) is a
waveform graph 1llustrating an example 1n which judgment
in Step S6 reveals “NO” and the passing of the signal does
not occur;

FIG. 6(a) is a chart showing transition of the writing of the
navigation image signal and the TV 1mage signal for each of
the frame 1n a frame memory 1n an application of the
conventional passing processing, in which a navigation-
synchronizing signal has a higher velocity than that of a TV
synchronizing signal;

FIG. 6(b) is a chart showing transition of the writing of the
navigation image signal and the TV 1mage signal for each of
the frame 1n the frame memory in an application of the
conventional passing processing, in which the navigation
synchronizing signal has a lower velocity than that of the TV
synchronizing signal;

FIG. 6(c) is a chart showing transition of the writing of the
navigation image signal and the TV 1mage signal for each of
the frame 1n the frame memory, 1n which a velocity of the
navigation synchronizing signal is controlled in accordance
with the processing of the present invention; and

FIG. 7 1s a view 1llustrating modification of the embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, the preferred embodiments of the present invention
will be described in detail below with reference to the
accompanying drawings. In the embodiments, the present
invention 1s applied to an 1mage processing apparatus in
which 1mage signals that correspond to a navigation 1mage
utilized for navigation of a vehicle, on the one hand, and an
ordinary 1mage for example of a television set, on the other
hand, are processed and these 1mages are displayed on a
single display screen.

FIG. 1 1s a block diagram 1llustrating essential elements of
the 1mage processing apparatus of the embodiment of the
present invention. As shown in FIG. 1, the image processing,
apparatus comprises a TV 1mage signal processing unit 10,
a navigation image signal processing unit 11, a frame
memory 12, a display unit 13 and a synchronizing control
unit 14 serving as a display unit 13, a monitoring device and
a disabling device.

In the above-mentioned elements of the image processing,
apparatus, the TV image signal processing unit 10 processes
a TV 1mage signal supplied from equipment such as a TV
tuner, a VIR or the like. The TV image signal processing
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unit 10 digitizes the TV 1mage signal and separates the TV
image signals for the respective frames 1n accordance with
the TV synchronizing signal accompanied with the TV
image signal, while matching with a vertical synchronmizing
timing, and sequentially outputs frame data, of which the
respective frames are formed, to the frame memory 12.

The navigation image signal processing unit 11 processes
a navigation 1image signal generated 1in a navigation appa-
ratus, which 1s provided integrally with the 1mage process-
ing apparatus. The navigation 1image signal processing unit
11 digitizes the navigation 1mage signal and separates the
navigation image signals for the respective frames having a
size, which can be controlled by means of the synchronizing
control unit 14, while matching with a vertical synchroniz-
ing timing based on the navigation synchronizing signal
controlled by means of the synchronizing control unit 14,
and sequentially outputs frame data, of which the respective
frames are formed, to the frame memory 12.

The frame memory 12 stores the TV 1mage signal and the
navigation image signal each digitized as mentioned above
for each of the frames. In the embodiment of the present
invention, there 1s a demand that the 1mages corresponding
to the TV 1mage signal and the navigation image signal are
synthesized based on these signals on the display screen.
Accordingly, the frame data including partial data of two
kinds of data corresponding to the above-mentioned signals
are constructed and the thus constructed frame data are
sequentially stored 1n the frame memory 12. When a pre-
determined display timing comes in the display unit 13, the
reading of the frame data from the frame memory 12 is
carried out for each of the frames so that the frame data are
sequentially displayed on the display unit 13. In the light of
the displaying processing, it 1s required that the frame
memory 12 has a capacity by which at least the frame as
currently displayed and the subsequent frame can be stored
in the frame memory 12.

The display umt 13, which 1s formed for example of a
liquid crystal panel, 1s a device for displaying the TV 1mage
based on the TV image signal and the navigation image
based on the navigation 1mage signal. When the two 1mages
are displayed on the display screen of the display unit 13, the
TV 1mage and the navigation image are placed in the
predetermined regions, respectively, 1n each of the frames.

The synchronizing control unit 14 monitors the vertical
synchronizing timing of the TV synchronizing signal
accompanied with the TV image signal and the vertical
synchronizing timing of the navigation synchronizing signal
accompanied with the navigation 1mage signal, on the basis
of these synchronizing signals and judges as whether or not
a deviation exists 1in synchronization of these image signals.
In addition, the synchronizing control unit 14 controls the
navigation image signal processing unit 11 on the basis of
the temporal relationship corresponding to the deviation as
judged 1n synchronization of the 1mage signals to increase or
decrease the number of lines included in the frame to be
processed. More specifically, the synchronizing control unit
14 increases or decreases the number of lines of the navi-
gation 1mage signal, which i1s generated 1n the navigation
apparatus.

Now, the synchronizing control, which is carried out by
the synchronizing control unit 14, will be described 1n detail
with reference to FIGS. 2 to 6(c). FIG. 2 is a flowchart
showing a flow of the synchronizing control processing of
the embodiment of the present invention.

As shown 1n FIG. 2, the synchronizing control unit 14 first
monitors the navigation-synchronizing signal to detect the
vertical synchronizing pulse (Step S1).
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FIG. 3 1s a waveform graph illustrating the navigation-
synchronizing signal and the TV synchronizing signal 1n
comparison with each other. The upper side of FIG. 3 shows
the vertical synchronizing pulse P1 of the navigation-syn-
chronizing signal. It 1s possible to recognize a break of the
respective frame on the basis of the vertical synchronizing
pulse P1. FIG. 3 illustrates a case where the falling timing,
of the vertical synchronizing pulse P1 1s detected, which 1s
utilized as the timing reference.

When the vertical synchronizing pulse P1 of the naviga-
tion-synchronizing signal is detected (“YES” in Step S1),
the respective parameters are set at the timing when the
vertical synchronizing pulse P1 1s detected, to perform the
synchronizing control processing by the synchronizing con-
trol unit 14 (Step S2). The parameters used in the synchro-
nizing control unit 14 include a time “T” counted by means
of a timer provided to measure a time, and the first counted
value “t1” and the second counted value “t2” serving as
variable as set based on the time “T7.

The time “1” 1s obtained by means of the timer provided
in the 1mage processing apparatus. The first counted value
“t1” and the second counted value “t2” correspond to a time
interval “At” as shown 1n FIG. 3. The falling timing of the
vertical synchronizing pulse “P1” of the navigation synchro-
nizing signal 1s away from that of the vertical synchronizing
pulse “P2” of the TV synchronizing signal by the time
interval “At” as shown 1n FIG. 3. Consequently, it 1s nec-
essary to monitor always the time interval “At” 1n order to
judge the existence of deviation in synchronization during
the frequency regulation described later. In the case of the
processing as shown 1n FIG. 2, of the time intervals “At” as
judged, the last time interval “At” corresponds to the first
counted value “t17, the current (latest) time interval, “At” the
second counted value “t2”.

In the setting operation 1n Step S2, the value “T” of the
fimer 1s returned to zero and the setting operation 1s carried
out so that the first counted value “t1” 1s equal to the second

counted value “t2” (t1=t2).

Then, the monitoring step of the TV synchronizing signal
is carried out to detect the vertical synchronizing pulse (Step
S3). The lower side of FIG. 3 shows the vertical synchro-
nizing pulse P2 of the TV synchronizing signal. It 1s possible
to recognize a break of the respective frame on the basis of
the vertical synchronizing pulse P2. FIG. 3 illustrates a case
where the falling timing of the vertical synchronizing pulse
P2 1s detected, which 1s utilized as the timing reference.

When the vertical synchronizing pulse P2 of the TV
synchronizing signal is detected (“YES” in Step S3), the
value of time “T” 1s set for the second counted value “t2”
with the above-mentioned falling timing (Step S4). The
value corresponding to the above-mentioned time interval
“At” 1s set for the second counted value “12” 1n Step S4. This
makes it possible to detect a deviation 1n time between the
vertical synchronizing pulse P1 and the vertical synchroniz-
ing pulse P2.

Then, i1t 1s judged based on the temporal relationship
between the first counted value “t1” and the second counted
value “t2” as whether or not the second counted value “{2”
1s mcluded 1n the predetermined range of time to avoid the
passing of the signal (Step 5S). In the synchronizing control
unit 14, a set value “t0” of time, which 1s the minimum value
of time 1n which the passing of signal occurs, 1s already set
in connection with an allowable value of the above-men-
tioned time 1nterval “At”. More specifically, control 1s made
so that the time interval “At” does not reach the set value
“t0”, on the basis of the falling of the vertical synchronizing
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pulse P1 of the navigation synchronizing signal, which
serves as a basic point. Description of more specific opera-
fion will be given later.

In Step S8, it 1s judged as whether the conditions accord-
ing to the following formula 1n relationship between the set
value “t0” and the second counted value “t2” are satisfied or
not:

t0-tmin<t2 <t0+tmin (1)
In the formula (1), it 1s necessary to set, as “tmin”, a value
that 1s within a range including the set value “t0)” and an

adequate temporal margin.

With respect to the range of the temporal margin men-
tioned above 1n the. embodiment of the present invention,
the synchronization of the vertical synchronizing pulse “P1”
1s adjusted so that, when the time interval “At” approaches
the set value “t0”, the former does not further approach the
latter, and more specifically, the time interval “At” stands at
a value, which goes away from the set value “t0”. Conse-
quently, 1t 1s necessary to adjust the synchronization of the
vertical synchronizing pulse “P1” before the time interval
“At” exceeds the set value “t0”. In order to perform such an
adjustment, there 1s required enough range of temporal
margin to carry out at least three processing steps, 1.€., the
step for detecting the time interval “At”, the step for judging
as whether the time interval “At” as detected 1s varying to
exceed the set value “t00” and the step for adjusting the
synchronization of the synchronization of the vertical syn-
chronizing pulse “P1” after completion of the above-men-
tioned judging step.

In the embodiment of the present invention, there i1s
provided the temporary margin of “2tmin” straddling the set
value “t0” (the right and left-hand sides of the set value “t0”
in FIG. 3), taking into consideration the possibilities that the
vertical synchronizing pulse “P2” of the TV synchronizing
signal may pass the vertical synchronizing pulse “P1” of the
navigation synchronizing signal preceding in time (i.€., from
the right-hand side to the left-hand side in FIG. 3) and the
former may pass the vertical synchronizing pulse “P1” of the
navigation synchronizing signal succeeding in time (i.c.,

from the left-hand side to the right-hand side in FIG. 3).

In case where it is judged that the formula (1) for the
second counted value “t2” does not hold (“NO” in Step S5),
the second counted value “t2” stands outside the predeter-
mined temporal range, thus requiring no switching opera-
tions. Consequently, the control returns to Step S1.

On the contrary, 1n case where 1t 1s judged that the formula
(1) for the second counted value “t2” holds (“YES” 1n Step
S5), the second counted value “t2” stands within the prede-
termined temporal range, thus requiring the switching opera-
tions of Step S6 and the subsequent steps. 1n the embodiment
of the present invention, the synchronizing control 1s per-
formed when the time interval “At” enters the temporal
range ol “2tmin” as shown i FIG. 3.

Here, a comparison 1s made 1n magnitude between the
first counted value “t1” and the second counted value “t2” to
determine the direction of the passing of the signal (Step
S6). More specifically, it 1s judged as whether the vertical
synchronizing pulse “P2” of the TV synchronizing signal
approaches the vertical synchronizing pulse “P1” of the
navigation synchronizing signal from the right-hand side or
the left-hand side as shown 1n FIG. 3. Comparison of the last
fime mterval “At” and the current time 1nterval “At” suilices
to make such a judgment, thus requiring Step S6.

In case where the formula “t1>t2” holds (“YES” in Step
S6), and more specifically, the vertical synchronizing pulse
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“P2” approaches the vertical synchronizing pulse “P1” from
the left-hand side in FIG. 3, the timing of the vertical
synchronizing pulse “P2” comes faster than the timing of the
vertical synchronizing pulse “P1”. Accordingly, a control 1s
made to decrease the number of lines 1n the frame of the

navigation image signal (Step S7), thus increasing the veloc-
ity of the navigation-synchronizing signal (i.c., making the
frequency high).

On the contrary, in case where the formula “t1>12” does
not hold (“NO” in Step S6), and more specifically, the
vertical synchromzing pulse “P2” approaches the vertical

synchronizing pulse “P1” from the right-hand side 1n FIG. 3,

the timing of the vertical synchronizing pulse “P2” comes
later than the timing of the vertical synchronizing pulse
“P1”. Accordingly, a control 1s made to increase the number
of lines in the frame of the navigation image signal (Step
S8), thus decreasing the velocity of the navigation-synchro-
nizing signal (i.e., making the frequency low).

When the number of lines in the frame 1s decreased 1n
Step S7, the frame period decreases by the number of lines
as decreased, thus increasing the velocity of the navigation-
synchronizing signal. On the contrary, when the number of
lines 1n the frame 1s increased 1n Step S8, the frame period
increases by the number of lines as increased, thus decreas-
ing the velocity of the navigation-synchronizing signal. In
case where the navigation synchronizing signal originally
has the frequency of 60 Hz, there may be adopted various
combination 1n frequency for the high and low velocity
sides, and there may be set the frequencies of 59 Hz and 61
Hz for these sides, respectively.

It 1s preferable to set a region, in which the number of
lines 1n the frame 1s increased, outside a displayed zone 1n
the display unit 13. This makes it possible to avoid any
influence on the displaying state 1n the display unit 13 1n the
embodiment of the present invention, even when the above-
described control 1s made.

In the embodiment of the present invention, the control 1s
made to carry out the switching operation of the velocity of
the navigation-synchronizing signal by increasing or
decreasing the number of lines 1n the frame. The present
invention 1s not limited only to such an embodiment, but 1t
1s possible to make such a control utilizing the other mea-
sures such as the number of dots of a horizontal line and a
system clock as controlled.

FIGS. 4(a) to 5(b) are views illustrating the signal wave-
forms, on the basis of which description will be given of the
branching processing as described that 1s carried out based
on the results of judgment 1n Step S6.

FIG. 4(a) shows an example of the signal waveform in
which the navigation synchronizing signal 1s lower 1n veloc-
ity (1.€., longer in period) than the TV synchronizing signal,
in case where the judgment 1 Step S6 reveals “YES”. As 1s
clear from FIG. 4(a), the vertical synchronizing pulse “P2”
of the TV synchronizing signal approaches the vertical
synchronizing pulse “P1” of the preceding navigation syn-
chronizing signal according to lapse of time, with the result
that the passing of the signal occurs.

In order to avoid such a passing of the signal, decreasing
the number of lines 1n Step S7 on the basis of the judgment
in Step S6 causes the frame period to decrease, as shown 1n
FIG. 4(b), in accordance with the number of lines as
decreased, thus switching the navigation synchronizing sig-
nal to a high speed side. Consequently, the vertical synchro-
nizing pulse “P2” of the TV synchronizing signal becomes
away from the vertical synchronizing pulse “P1” of the
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3

navigation-synchronizing signal, thus preventing the pass-
ing of the signal from occurring, contrary to the case as
shown in FIG. 4(a).

FIG. 5(a) shows an example of the signal waveform in
which the navigation synchronizing signal 1s higher in
velocity (1.e., shorter in period) than the TV synchronizing
signal, in case where the judgment 1n Step S6 reveals “NO”.
As 1s clear from FIG. 5(a), the vertical synchronizing pulse
“P2” of the TV synchronizing signal approaches the vertical
synchronizing pulse “P1” of the succeeding navigation
synchronizing signal according to lapse of time, with the
result that the passing of the signal occurs in the opposite
direction to the case as shown in FIG. 4(a).

In order to avoid such a passing of the signal also 1n this
case, 1ncreasing the number of lines 1n Step S7 on the basis
of the judgment mm Step S6 causes the frame period to
increase, as shown in FIG. 5(b), in accordance with the
number of lines as increased, thus switching the navigation
synchronizing signal to a low speed side. Consequently, the
vertical synchronizing pulse “P2” of the TV synchronizing
signal becomes away from the vertical synchronizing pulse
“P1” of the navigation-synchronizing signal, thus preventing
the passing of the signal from occurring, contrary to the case
as shown in FIG. 4(a).

Consideration is given with reference to FIGS. 4(a) to
5(b), on the assumption that the vertical synchronizing pulse
“P1” 1s fixed. Examples will be given below. When the
vertical synchronizing pulse “P2” approaches the set value
“t0” from the right-hand side and enters the time range of
“2tmin”, the frequency regulation of the navigation synchro-
nizing signal causes the vertical synchromizing pulse “P2”
leftward so as to be away from the set value “t0”. After lapse
of the predetermined time, the vertical synchronizing pulse
“P2” approaches the set value “t1” from the left-hand side
and enters again the time range of “2tmin”. More speciil-
cally, the vertical synchronizing pulse “P2” 1s subjected to a
reciprocating motion, thus preventing the passing of the
signal from occurring.

Then, subsequent to completion of Steps S7 and S8, the
navigation-synchronizing signal i1s monitored to detect the
vertical synchronizing pulse “P1” (Step S9). In case where
the vertical synchronizing pulse “P1” of the navigation-
synchronizing signal is detected (“YES” in Step S9), the
setting operation of the timer 1s carried out again to return
the value of time “T” to zero (Step S10).

Then, the TV synchronizing signal 1s monitored to detect
the vertical synchronizing pulse “P2” (Step S11). In case
where the vertical synchronizing pulse “P2” of the TV
synchronizing signal is detected (“YES” in Step S11 ), it is
judged as whether or not the second counted value “t2” 1s
included in the predetermined range of time as described
above in the same manner as Step S5 (Step S12). In Steps
S12, it 1s judged as whether or not the formula (1) holds. In
case where the formula (1) does not hold (“NO” in Step
S12), the control returns to Step S9.

The above-described Steps S9 to S12 prevent an improper
adjustment of the navigation synchronizing signal when the
fime iterval “At” 1s within the time range of “2tmin”
straddling the set value “t0)” as shown 1n FIG. 3.

Even when the frequency regulation of the navigation
synchronizing signal is carried out at the timing 1n which the
fime 1nterval “At” enters the above-mentioned time range
and the time interval “At” moves so as to be apart from the
set value “t0”, there 1s a possibility that the time interval “At”
still stays 1n the above-mentioned time range, depending on
the timing of the judgment 1n the subsequent Step S5. In
view of such a possibility, Steps S9 to S12 disable the
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synchronizing control device from performing further the
frequency regulation, when the time interval “At” stays in
the above-mentioned time range after completion of the
frequency regulation of the navigation synchronizing signal.

A series of Steps S1 to S12 1s repeated, thus making it
possible to maintain a stable relationship in phase between
the navigation synchronizing signal and the TV synchroniz-
ing signal, thus preventing the passing of the signal from
occurring, even when these signals are different 1in velocity
from each other. Description will be given below of transi-
tion of the displayed state for each of the frames, when the
display processing of the display unit 13 are carried out 1n
accordance with the controlling method of the embodiment
of the present invention, with reference to FIGS. 6(a) to 6(c).
FIGS. 6(a) to 6(c) are provided to make a comparison
between the case 1n which the conventional passing pro-
cessing 1s applied and the other case in which the processing
of the embodiment of the present invention 1s applied.

FIGS. 6(a) and 6(b) diagrammatically show transition of
the writing of the navigation 1image signal and the TV 1mage
signal for each of the frame 1n a frame memory 12 in an
application of the conventional passing processing. Each of
the central columns of the charts in FIGS. 6(a) and 6(b) is
allotted the frame number, which indicates the processing
order of the frame. Each of the leftmost columns of them 1s
allotted the numbers, which indicate the displaying order of
the navigation 1mage corresponding to the navigation image
signal coinciding with the writing timing. Each of the
richtmost columns of them 1s allotted the number, which
indicate the displaying order of the TV 1mage corresponding
to the TV 1mage signal comnciding with the writing timing.
The writing timing 1n the frame memory 12 is controlled in
synchronization with the navigation-synchronizing signal.

FIG. 6(a) shows the transition of the writing of the
signals, in which the navigation-synchronizing signal has a
higher velocity than that of the TV synchronizing signal.
FIG. 6(b) shows the transition of the writing of the signals,
in which the navigation-synchronizing signal has a lower
velocity than that of the TV synchronizing signal. In the
example as shown in FIG. 6(a), the fourth TV image signal
1s written twice at the position of the frame number of “4”,
so as to prevent the navigation synchronizing signal from
passing the TV synchronizing signal. The same writing step
1s carried out 1n the frames having the number of “8”, “127,
“167, “20” and “24”, which are at intervals of four frames.
Alternatively, in the example as shown in FIG. 6(b), the
writing of the sixth TV i1mage signal i1s skipped, so as to
prevent the TV synchronizing signal from passing the navi-
gation synchronizing signal at the position of the frame
number of “5”. The same step 1s carried out to skip the
writing of the twellth, eighteenth and twenty-fourth TV
synchronizing signals.

On the contrary, FIG. 6(c) diagrammatically shows tran-
sition of the writing of the navigation 1mage signal and the
TV 1mage signal for each of the frame in the frame memory,
in which the velocity of the navigation synchronizing signal
1s confrolled m accordance with the processing of the
embodiment of the present invention as shown 1n FIG. 2. In
the example as shown in FIG. 6(c), the velocity of the
navigation synchronizing signal 1s properly adjusted in
accordance with change in velocity of the TV synchronizing
signal. It 1s therefore possible to prevent occurrence of the
passing between the TV synchronizing signal and the navi-
gation synchronizing signal, even when time lapses. As a
result, neither double-writing of the same frame as shown 1n
FIG. 6(a) nor frame skipping as shown in FIG. 6(b) occurs
at any positions of the frames corresponding to the TV
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image signals. It 1s therefore possible to prevent dynamic
image from ineptly being reproduced on the display unit 13,
thus providing high-images as displayed.

Now, a modification of the embodiment of the present
invention will be described with reference to FIG. 7. In the
above-described embodiment of the present invention, the
temporal margin of “2tmin” 1s provided, taking into consid-
cration the possibility that the passing of the signal may
occur from either the right-hand side in FIG. 3 or the
left-hand side therein. In the modification as shown 1n FIG.
7, there 1s considered only the relationship between a set
value as predetermined to be fixed and the time interval
“At”. More specifically, control 1s made to move the vertical
synchronizing pulse “P2” leftward 1n FIG. 7, in case where
At>tl, on the one hand, and control 1s made to move the
vertical synchronizing pulse “P2” rightward n FIG. 7, 1n
case where At<tl, on the other hand. This ensures a state
where a settled interval, which comes close to the set value
“t17, always exists between the navigation-synchronizing
signal and the TV synchronizing signal in their temporal
relationship. The above-described modification provides an
advantage of performing the processing through the simple
control, although the number of switching step for the
navigation-synchronizing signal increases.

In the above-described embodiment of the present mnven-
fion and the modification thereof, the 1mage processing
apparatus processes the two signals, 1.€., the TV 1mage
signal and the navigation 1image signal. The present 1nven-
tion 1s not limited only to them, but may be applied widely
fo an 1mage processing apparatus, which processes, on the
assumption that the vertical synchronizing timing of one
synchronizing signal 1s controllable, the other kind of image
signal.

It 1s possible to cause a microcomputer to function as the
synchronizing control unit 14 of the above-described
embodiment of the present invention by previously storing
a program corresponding to the flowchart as shown 1n FIG.
2 1n an information record medium such as a flexible disc or
a hard disc and reading information by means of the micro-
computer to execute the program. The above-mentioned
program may be supplied through a network such as Inter-
net.

According to the present invention as described in detail,
on the assumption that the vertical synchronizing timing of
only one of two 1mage signals to be processed 1s control-
lable, the vertical synchronizing timings of the respective
synchronizing signals corresponding to the above-men-
fioned two 1mage signals, and a control 1s made so as to
adapt the velocity of the first synchronizing signal to that of
the second synchronizing signal, thus providing high-grade
images as displayed, without giving a user an unpleasant
feeling.

The entire disclosure of Japanese Patent Application No.
2001-323284 filed on Oct. 22, 2001 including the specifi-
cation, claims, drawings and summary 1s incorporated herein
by reference 1n its entirety.

What 1s claimed 1s:

1. An 1mage processing apparatus, which controls a
display screen to display a first image corresponding to a
first 1mage signal and a second 1mage corresponding to a
second 1mage signal, said apparatus comprising:

a monitoring device for monitoring temporal relationship
between a first synchronizing signal of a change-1mage
signal, which 1s obtained by changing a frequency of
said first synchronizing signal of said first image signal,
and a second synchronizing signal of said second 1image
signal; and
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a synchronizing control device for performing frequency
regulation for said change-image signal based on moni-
toring results from said monitoring device so as to
prevent one of said change-image signal and said
second 1mage signal from passing an other thereof on
said display screen.

2. The apparatus as claimed in claim 1, wherein:

said synchronizing control device performs said fre-
quency regulation so as to reverse a frequency rela-
tionship between said first synchronizing signal and
said second synchronizing signal.

3. The apparatus as claimed in claim 1, wherein:

said synchronizing control device performs said fre-
quency regulation by increasing or decreasing a num-
ber of lines of said change-image signal to regulate a
frequency of a vertical synchronizing signal of said
change-image signal.

4. The apparatus as claimed 1n claim 1, further compris-

Ing:

a disabling device for disabling said synchronizing con-
trol device from performing further said frequency
regulation when a difference 1n period between said
first synchronizing signal and said second synchroniz-
ing signal 1s within a predetermined range.

5. The apparatus as claimed in claim 1, wherein said
apparatus makes said display screen display said first image
and said second 1mage at a same time by dividing said screen
display 1nto a first area for displaying said first image and a
second area for displaying said second image.

6. An 1mage processing method, which displays an image
corresponding to a synchromzing frequency change-image
signal, which 1s obtained by changing a frequency of a
synchronizing signal of an image signal, and an other image

5

10

15

20

25

30

12

corresponding to an other 1mage signal on a same display
screen, said method comprising:

a monitoring step for monitoring temporal relationship
between the synchronizing signal of said synchronizing
frequency change-image signal and a synchronizing
signal of said other image signal; and

a synchronizing control step for performing frequency
regulation for said synchronizing frequency change-
image signal based on monitoring results from said
monitoring device so as to prevent one of said syn-
chronizing frequency change-image signal and said
other 1mage signal from passing an other thereof on
said display screen.

7. An 1mage processing program, which causes a com-
puter 1ncluded m an 1mage processing apparatus, which
displays an 1mage corresponding to a synchronizing {ire-
quency change-image signal, which 1s obtained by changing
a frequency of a synchronizing signal of an image signal,
and an other 1mage corresponding to an other 1mage signal
on a same display screen, to function as:

a monitoring device for monitoring temporal relationship
between the synchronizing signal of said synchronizing
frequency change-image signal and a synchronizing
signal of said other 1image signal; and

a synchronizing control device for performing frequency
regulation for said synchronizing frequency change-
image signal based on monitoring results from said
monitoring device so as to prevent one of said syn-
chronizing frequency change-image signal and said
other 1image signal from passing an other thereof on
said display screen.
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